Purpose: To perform an in vivo evaluation of the therapeutic effect of two fluoride varnishes on the remineralization of active white spot lesions (WSLs).
Introduction
Dental caries are one of the most prevalent oral health conditions worldwide (1) . The multifactor nature of this disease, classically described by Paul Keyes in the 1960s, is related to an imbalance between the dental structure and oral environment. Microbiota, diet and host characteristics are the etiological factors of the onset and progression of caries. The modern conception of dental cares also considers social and behavioral factors (2) .
White spots are the first visual clinical presentation of dental caries and are characterized by the de-mineralization of the subsurface of the enamel, with an increase in porosity due to the removal of minerals from the deep tissue to the outer surface. White spots are classified as either active (rough and opaque) or inactive (smooth and shiny) (3) .
Due to changes in the conception of the dynamics of dental caries, the current philosophy in dentistry is directed toward early diagnosis and the use of noninvasive treatment to stop or reverse incipient carious lesions with the use of fluoride (4). Toothpastes, mouthwashes, gels and varnishes are the most common forms of the topical application of fluoride (5). Fluoride varnishes are described as the most convenient form of the professional use of topical fluoride for preschoolers, as these substances are easy to apply and are well tolerated by the patient (6, 7) . Such varnishes have a greater concentration [around 22,000 parts per million (ppm) of fluoride]. The slow-release mechanism forms calcium fluoride compounds on the surface of the tooth and makes fluoride available to the saliva as well (8, 9) . The varnish is not affected by moisture and remains adhered to the enamel for a significant period of time without requiring the cooperation of the patient. These characteristics indicate that fluoride varnishes may be incorporated into clinical routines and public health practices (5, 8) . A number of studies have demonstrated that such varnishes are capable or remineralizing incipient carious lesions and preventing caries when used in conjunction with other preventive measures, such as the control dental biofilm (plaque) and diet (10) (11) (12) (13) .
Considering the diversity of commercial brands and the different prices of fluoride varnishes, it is fundamental for dentists to know whether national and imported products have the same effectiveness regarding remineralization and impeding the activity of white spots through an analysis of the cost-benefit ratio. Thus, the aim of the present study was to perform an in vivo evaluation of the effects of the fluoride varnishes Duraphat ® (imported) and Fluorphat ® (national) on the remineralization of active white spots in children aged seven to 10 years at a public school in the city of Campina Grande, state of Paraíba, Brazil.
Methodology
This study was approved by the Ethics Committee of the Center for Biological and Health Sciences of the Universidade Estadual da Paraíba, in João Pessoa, PB, Brazil (Protocol 0345.0.133.000-11). Parents/guardians authorized the participation of the children by signing a statement of informed consent in compliance with Resolution nº 196/96 of the Brazilian National Health Board. This study received no financial support.
A longitudinal clinical trial was carried out in which each individual served as his/her own control. Children aged seven to 10 years enrolled in the public school system in the city of Campina Grande participated in the study. The inclusion criterion was incipient active carious lesions (rough, opaque white spots) on the anterior teeth. The exclusion criteria were syndromes, dental development abnormalities, the use of an orthodontic appliance, medications that altered salivary flow/composition or antibiotics in the month prior to the exam.
The sample size was based on the study of Ferreira et al. (15), who compared two groups of varnishes (national and imported) using a similar methodology, with 22 and 23 cases in each group, respectively. The sample was increased by 30% to compensate for possible losses, leading to two groups of 30 patients each. Twenty-two of 60 children with active white spots initiated the study. Two patients with four white spot lesions dropped out. Thus, 20 children with 56 active white spots effectively participated in the study.
The clinical exam and application of the fluoride varnish were performed under natural light in an open environment at the school. A form was drafted for the identification of the child and recording of the data. The data were collected by a single, duly calibrated examiner (Kappa=1.0 for dimension and activity) with the assistance of a previously trained annotator. The clinical exam involved the assessment of dimensional alterations and activity (texture and luminosity).
Prior to the clinical exam, the simplified Oral Hygiene Index (OHI-S) proposed by Greene and Vermillion (14) was determined using a basic fuchsine solution (Replak ® , Dentsply, Petrópolis, RJ, Brazil) on the vestibular faces of the permanent first molars and right central incisor in the upper arch and the lingual faces of the permanent first molars and vestibular face of the left central incisor in the lower arch. Plaque buildup was scored as follows: 0=surface free of biofilm; 1=1/3 of surface covered with biofilm; 2=2/3 of surface covered with biofilm; 3 = entire surface covered with biofilm.
Supervised tooth brushing was performed in every session following the determination of the OHI-S and prior to the topical application of fluoride. Each child received a children's toothbrush (Colgate Clássico Infantil ® , Colgate-Palmolive, São Bernardo do Campo, SP, Brazi l ) and fluoride dentifrice (1100 ppm of fluoride) (Tandy ® , Colgate-Palmolive, São Bernardo do Campo, SP, Brazil). Standardized instructions were given to ensure the same oral hygiene conditions for all participants.
The white spots were then measured by the largest mesiodistal and cervico-incisal diameter in mm with the aid of a WHO periodontal probe (Trinity ® , São Paulo, SP, Brazil) and mean measurements were recorded. Dimensional alterations, texture (roughness or smoothness) and luminosity (opacity or shine) were also evaluated and the spots were classified as either active (rough and opaque) or inactive (smooth and shiny) (15) .
For the application of the fluoride varnishes, the children were randomly divided into two groups: Group 1 (G1) received Fluorphat ® (5% NaF=2.26% F, Inodon, Porto Alegre, Brazil; n=28) and Group 2 (G2) received Duraphat ® (5% NaF=2.26%F, Colgate-Palmolive, Germany; n=28).
The following clinical sequence was obeyed in both groups: 1) supervised brushing; 2) drying with gauze; 3) application of fluoride varnish on active white spots with the aid of a brush (FGM, Joinvile, Brazil); 4) five-minute wait for the evaporation of the solvent; 5) removal of excess with cotton ball; and 6) instructions to not brush the teeth and to use a diet of liquids or pasty foods for 12 hours following the application of the product. These clinical procedures were performed once a week for four weeks (16, 17) . On the fifth week, the white spots were evaluated with regard to dimension and activity.
Data were analyzed by descriptive and inferential statistics (Pearson's chi-square test and Student's t-test), with the level of significance set to 5% (P<0.05).
Results
Twenty children (10 boys and 10 girls) participated in the present study (mean age ± standard deviation: 8.55±0.94 years). The sample was composed of 56 incipient carious lesions on the vestibular surface of the permanent anterior teeth. All white spots were active (rough and opaque) at the beginning of the study.
A statistically significant difference was found in the mean OHI-S between the initial (1.46±0.55) and final (1.01±0.52) evaluations (P<0.05; paired Student's t-test), demonstrating an improvement in the children's oral hygiene (Fig. 1) . A statistically significant difference was found in the numerical dimensions of the white spots between the initial (4.56±2.14) and final (3.38±2.35) evaluations (P<0.05; paired Student's t-test), demonstrating a 25.8% reduction in size. Figure 2 displays the mean white spot dimensions in the first and fifth week of the study (4.37±2.10 and 2.97±2.21 in G1, respectively; 4.76±2.19 and 3.78±2.46 in G2, respectively), with statistically significant reductions in both groups (P<0.05, paired Student's t-test). In the intergroup analysis, no statistically significant differences were found between the fluoride varnishes tested (P>0.05, Student's t-test).
Regarding white spot activity on the five-week evaluation, nine spots remained active and 19 were inactive in G1 and seven spots remained active and 21 were inactive in G2, with no statistically significant differences between groups (P>0.05, Pearson's chi-square test). Among the total number of 56 initial white spots, 16 (28.4%) remained active and 40 (71.4%) had become inactive at the end of the study (Table 1) . 
Discussion
Both products tested demonstrated efficacy in the remineralization of teeth with white spots following four weekly applications. A total of 71.4% of the spots became inactive and there was a significant reduction of 25.8% in mean size for the overall sample. These results corroborate findings described in the literature regarding the remineralization power of fluoride varnishes used to treat caries (10) (11) (12) (13) 16) .
A reduction in the mean OHI-S score occurred throughout the study. It is likely that the positive effect of the fluoride varnishes was assisted by the improvement in oral hygiene on the part of the participants. Indeed, previous studies state that one cannot dissociate the effect of fluoride varnishes from the effect of proper brushing (8, 17, 18 In terms of the cost-benefit ratio, the results of the present study encourage the use of the Brazilian product, as both products tested had a similar clinical performance and the imported varnish can cost as much as 14-fold more than the national product. This finding is of considerable importance in the public health realm, where administrators often have to share and allocate scarce resources by establishing priorities.
A satisfactory clinical performance was observed over four weeks of applications with both products on children. This result corroborates findings described in the literature (16, 20) . The occurrence of inactive white spots and the significant reduction in the size of these spots following weekly applications of the fluoride varnishes demonstrates the possibility of stopping or reversing incipient carious lesions with no need for invasive treatment. This result is also in agreement with findings reported in previous studies (10, 13, 16, (20) (21) (22) (23) .
Under the conditions tested in the present study, no differences were found in the performance of the fluoride varnishes analyzed with regard to the remineralization of teeth with incipient carious lesions, as both products proved effective in the treatment of white spots. These findings may be important to public dental services in the planning of oral health programs, especially those directed at children.
